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INTRODUCTION
One of the applications of SAR Interferometry is the generation of topographic maps by means of combining two complex SAR images from slightly different viewing angles [1] . Future airborne and spaceborne interferometric SAR systems are planed to use a wide frequency bandwidth, appropriate for the production of very high resolution Digital Elevation Models (DEM where 0 is the average look angle and C an arbitrary complex constant. Both sin c functions are considered to have the same argument since in most practical cases the difference in incidence angles is small. If the variance of the random variable hn is also small compared to the width Rs of the sin c function, then it is possible to take into account its effect only on the exponential factor:
The validity of this assumption is discussed in Section 3 by means of numerical simulations. (by means of which we can model the so-called volumetric effects). The first term relates to the well-known spatial baseline decorrelation, which basically depends on the baseline distance and the relative frequency bandwidth of the system. The minimum value of baseline for which this term equals zero is the same as that obtained with the conventional critical baseline (Bne) criterion [6] . As it can be seen in Eq. (1), the difference between the two viewing angles produces a shift and a stretch of the imaged terrain spectra in the slant range dimension, which is the cause of the spatial decorrelation.
This decorrelation can be compensated by shifting the transmitted center frequency during the second measurement (Tuned Interferometric SAR): fo2/fol = sin 81/ sin 02 [1] , or by removing the disjoint part of both spectra (which implies a loss of bandwidth and, consequently, resolution). On the one hand, in wide band interferometry (when the relative bandwidth of the system is very high), the value of Bone becomes very large. From this point of view, we would be able to use long baselines without noticeable loss of correlation.
On the other hand, in case the baseline distance is limited by structural aspects of the platform, as in single-pass airborne sensors, the spatial coherence improves as the ' bandwidth does. Thus, the coherence could reach the maximum value in the wide band case.
However, it has been found experimentally that in wide band measurements there exist other effects which introduce decorrelation (see Section 3). It is shown that the coherence decreases substantially even at short baselines.
To explain this coherence loss additional sources of decorrelation must be identified. One of them, the volumetric effects, appear in the second term of Eq. (6) and indicates a loss of coherence which basically depends on the difference between the two viewing angles and the surface roughness (Qh2). This kind of decorrelation also increases as the baseline distance does, but it is negligible in most practical cases. Nevertheless, in principle wide band systems allow the use of large baselines since the spatial decorrelation term is not so important and, therefore, the volumetric decorrelation factor would be more noticeable.
Indeed, the volumetric effects produce a change in the shape of the two imaged terrain spectra and this should be taken into account when Bnc is calculated.
To this end, if we state that a coherence of l le(E£ 0.13) implies an excessive loss of correlation, from Eq. (6) we can establish a new threshold for the perpendicular critical baseline:
where h is the average height of the antennas. Expression (7) can be used as a tool for designing an operative interferometric system, taking into account the impact of the surface roughness.
In this respect, other authors have also presented some effects of the surface parameters on SAR interferometry
[7]. As we commented above, it would be possible to eliminate the spatial decorrelation term of Eq. (6) by applying a suitable filter to both spectra. In this way, the effective spectrum of image 1 would be limited to the following range:
.L while the second spectrum would be between:
, Consequently, the center frequencies of both images take the values given by:
If we rewrite Eq. (5) with the new frequencies it is easy to find the new expression:
where the first exponential term, responsible for the spatial decorrelation factor, has been eliminated. In this way, the new coherence equation is only dependent on the volumetric scattering effects:
SIMULATED AND EXPERIMENTAL RESULTS
Several multifrequency measurements were undertaken in the X-band at the electromagnetic anechoic chamber of the Universitat Politecnica de Catalunya (U.P.C) using the interferometric C-SAR (InCSAR) system [4], whose geometry is illustrated in Figure 2 . The C-SAR system allows the antennas to describe a circular trajectory around a rotating mast in order to generate a circular synthetic aperture. They are located at two different heights on the z-axis so as to form a vertical baseline B = h2 -hl, illuminating the surface at two incidence angles 01 and B2. The measurement system is basically a vector network an- (6). However, for longer baselines, the coherence values obtained from the simulation process are lower than those we can predict using the theoretical coherence expression . These differences can be attributed to the approximations assumed in Section 2 regarding the argument of the sinc functions.
An important observation lies in the fact that the coherence values obtained from the experimental results are lower than expected, for the whole range of baselines.
After representing the two imaged terrain spectra ( Figure 5 ), it has been found that, in this case, there is not only a frequency shift between the two spectra but also a change in their shape, which implies an important decorrelation and produces a degradation of coherence. It has also been proved that the coherence can be improved by removing the disjoint parts of the spectra or by implementing a tuned interferometric SAR [1, 5] , except for small baseline distances where figures, the correlation between the two images is higher in the second case and, consequently, the phase error is reduced. Figure 9 shows the obtained coherence values after applying a filter to the disjoint bands. In this case, the spatial decorrelation can be neglected and the coherence is close to 1, as we expected theoretically. In Figure 9 it is possible to notice a slight degradation of the coherence values for long baselines, but this effect can be attributed to a residual effect of the practical implementation of the filtering process, since it is not possible to apply the ideal filter which eliminates completely the non-common parts of the bandwidth. For those baseline values, the approximation of small difference in viewing angles is not completely fulfilled either. It has been shown that the measured coherence between the two SAR images is improved by removing the spatial decorrelation factor.
However, the coherence values obtained from the experimental results Figure  6 . Cut of the two SAR images in the ground-range dimension, before (left) and after (right) removing the disjoint parts of the spectra. are also lower than expected because of the change of the shape of the two imaged terrain spectra (spectral decorrelation). This change of the spectra becomes very important as the baseline distance increases, which implies that the quality of the interferograms obtained using large baselines can not be substantially improved with the band filtering technique commented above. Some numerical simulations have been carried out in order to determine the cause of this spectral decorrelation.
The results obtained from the simulation process indicate that this change of the spectra shape can not be explained by means of volumetric effects. A different source of decorrelation would be the possible multiple reflections or shadowing phenomena between scatterers, when these effects are different between both antenna positions.
It is possible to introduce them in our model by adding or removing some scatterers in one of the two received fields, which would result in a degradation of q. 
